Satellite communication systems suffer from the systematic error of tropospheric delay. Accurate estimation of this delay is essential for communication budget and planning. This study investigates the tropospheric delay in three Nigeria cities: Abuja, Lagos, Port-Harcourt using two different models (Saastominen and Hopfield). Three year atmospheric data for surface pressure, relative humidity and temperature obtained at 5-mins interval were acquired from the Tropospheric Data Acquisition Network (TRODAN) with proofs to explain the relationship observed between the two models.
Introduction
Satellite communication systems, such as the Global Positioning System, involves transmission of information using electromagnetic waves from a satellite to ground based stations through the atmosphere (Abdelfatah et al., 2015) . The different layers of the troposphere causes delay and refraction of the signal as it passes through. The microwave propagation through the atmosphere experience tropospheric delay due to electrically neutral of the atmosphere and it is completely independent of the signal frequency (Opaluwa et al., 2013; Younes, 2016) . The main meteorological parameters that affect propagation through the troposphere includes relative humidity, atmospheric temperature, and atmospheric pressure. The path traveled through by a propagated signal in the atmosphere contributed to the tropospheric propagation delays. Tropospheric delay is the variability effect of refractive index on radio signal traveling through the electrically-neutral atmosphere.
This propagation delay is commonly determine by small changes in refractive index describe by the term called refractivity (N) (Adegoke and Onasanya, 2008 )
where n is the an atmospheric varying index.
According to Mendes and Langley (1995) , mismodeling of tropospheric delay in radio wave propagation is a significant source of error in space geodesy techniques. This delay is computed as the difference between the path taken by the signal and the path the signal would have taken in a vacuum. Tropospheric delay has two components -Hydrostatic (dry) delay and non-hydrostatic (wet) delay. The dry component of tropospheric delay accounts for 80 -90% of the total delay. Wet delay is used in obtaining precipitable water vapour. The non-hydrostatic component, although a small component of the total delay, is difficult to estimate due to the high variability of atmospheric water vapour (Liu et al., 2017) .
In tropical Africa, refractivity of signals has been studied extensively.
However, there is a dearth of literature and research on tropospheric delay in the region. This study investigates the tropospheric delay at three cities in Nigeria using two models: Saastamoinen (Saastamoinen, 1972) and Hopfield (Hopfield, 1969) . Modelling of tropospheric delay will help mitigate the influence of the atmosphere on communication systems. Table 1 . Temperature (T) in Kelvins and Surface pressure (P) in hPa were used to compute the Hopfield (Hopfield, 1969) and Saastamoinen (Saastamoinen, 1972 ) models. The Hopfield Dry delay model is given by
Methodology
Hopfield wet delay model is given by
where H T is the height of the tropopause which is taken to be 12km.
Saastamoinen hydrostatic delay is computed
where φ and h are the ellipsoidal latitude and surface height above the ellipsoid in km, respectively. And the wet component given by
e is the partial water vapour pressure at the surface computed from the expression e = 5854
Total refractivity is computed from the expression
Results and Discussion
The temporal variation of dry and wet component of refractivity as well as the total refractivity over the study locations is presented in Figure 1 . 
Conclusion
In this paper, radio refractivity and tropospheric delay for three tropical locations within Nigeria have been investigated. It was established that the coastal climate of Lagos and Port-Harcourt is responsible for the similar trend and values in the dry, wet and total refractivity. The refractivity values for Abuja, an inland city, was found to have lower values than that of the coastal cities. This factor is also responsible for the visible seasonal behaviour of refractivity in Abuja. The temporal variation of hydrostatic and non-hydrostatic tropospheric delay was also studied in this research using the Saastominen and Hopfield models. The difference between both models for the hydrostatic delay was attributed to the temperature dependence of both models. In the non-hydrostatic delay, the two models were found to have similar values at a temperature of 33 o C. Proofs were presented to established the proposed theorems for hydrostatic and non-hydrostatic delays. 
